Neurophysiology of neocortical slices resected from children undergoing surgical treatment for epilepsy.
The recent emergence of surgical treatment of childhood epilepsy has led to the accessibility of young human cerebral tissue for electrophysiological studies of the mechanisms involved in epileptogenesis. Intracellular recordings were obtained from neurons in slices prepared from neocortical tissue resected from children (3 months to 15 years) with catastrophic epilepsy. Data from 'least abnormal' versus 'most abnormal' tissue were compared; the evaluation of the degree of abnormality was based on several clinical criteria. Hypotheses concerning NMDA receptors, local synaptic circuits, and epileptiform bursts were tested. The NMDA receptor-mediated component of synaptic responses, which was isolated pharmacologically, had a voltage dependence that was functionally mature by 8-10 months of age and did not appear to be altered even in the most abnormal tissue. Local inhibitory and excitatory synaptic circuits were present as early as 11 months and 8 months, respectively. Local excitatory circuits were sufficiently extensive in young children to initiate and sustain epileptiform activity when synaptic inhibition was suppressed. Bicuculline-induced epileptiform bursts were similar to those in adult human or animal neocortical slices. Burst duration and the presence of after-discharges were unrelated to patient age or tissue abnormality. These data demonstrate that (1) the electrophysiological properties of human neocortical neurons are very similar to those observed in animal experiments, (2) the mechanisms of neuronal communication are qualitatively mature within the first year of life, and (3) synaptic transmission and local neuronal circuits appear qualitatively normal, even in the most abnormal tissue from children with catastrophic epilepsy.